This paper tests the relationship between cash flow and the investment decision of firms from the Romanian agriculture sector. Although the role of cash flow in influencing the investment decision is explained by the financial frictions theory, the investment -cash flow nexus is controversial in empirical investigations. However, only few studies address the bidirectional relationship between the investment decision and the cash flow level. Using a large data set of 739 firms and a panel VAR approach for the period 2006 to 2014, we report a bidirectional causality between investment and cash flow. We find that firm's cash flow positively influences the level of investment in the next period, and we show therefore that the access to liquidity is important for the investment decision. At the same time, investment in fixed assets enhances the cash flow level only for the subsequent period, but it does not generate a series of cash flows as expected. The results are less conclusive if we use investment dynamics instead of investment level in our empirical analysis.
Introduction
The neo-classical theory of investment argues that firm's investment is determined by economic fundamentals, and not by financial variables such as cash flow (Melander et al., 2017) . New developments of this theory show that, in the presence of financial frictions and asymmetry of information, investment is inter-alia a function of cash flow (see for example the Hayashi's (1982) neoclassical investment model). However, the interpretation of the investment -cash flow nexus is controversial (Carpenter and Guariglia, 2008) . This relationship is influenced on the one hand by financial constraints and, on the other hand, by investment opportunities. A common solution for the second problem in the early literature was to include the Tobin's Q (the ratio between the market value and the replacement value of a physical asset) in the empirical regressions explaining the investment determinants.
From a theoretical point of view, it is expected that the cash flow have a positive influence on the investment decision, as it represents an internal funding source. However, noteworthy empirical findings report a negative relationship between investment and cash flow. Therefore, researchers try to explain the puzzling empirical findings on investment -cash flow sensitivities, underlining the role of firm's asset liquidity (Flor and Hirth, 2013) , of firm's financial constraints (Kim, 2014) , and of monetary transmission channels (Chatelain et al., 2003) .
We contribute to the existing literature in several ways. First, using firm-level data, we test the bidirectional causality between investment and cash flow. Previous studies do not focus on the role of investment on cash flow, although the endogeneity issue is sometimes addressed in empirical papers (i.e. Bond and Meghir, 1994) . It is well known that investment should be made if and only if the present value of future revenues equals the opportunity cost of capital. Accordingly, an investment should generates a stream of cash flows during the next periods. It is surprising that the empirical literature does not focus on the bidirectional causality between investment and cash flow, which might explain the divergent results reported so far. To show this, we use a panel data vector autoregression method (pVAR) and we investigate the bidirectional Granger causality between investment (the ratio between fixed assets and total assets) and the cash flow level (as percentage of operational revenues) for 739 companies from the agriculture field in Romania (a similar empirical approach is used by Melander et al., 2017) . We also search how shocks in cash flow/investment are transmitted to investment/cash flow, using impulse response functions.
Although several investigations are conducted on firm-level data (Bond and Meghir, 1994; Carpenter and Guariglia, 2008; Mulier et al., 2016; Melander et al., 2017) , none of the existing works address the case of the agriculture sector. Agriculture is considered a sector where the value added is reduced as compared with industrial production or service domain, and where a considerable amount of time is needed so as the expected revenues to cover the initial investment cost. Further, cash flow might fluctuate more in this sector as compared to other sectors, one of the favouring element in this line being the climate conditions. Therefore, analysing the investment -cash flow nexus for agriculture firms is particularly interesting and represents another contribution of this paper to the existing literature. For this purpose, we use AMADEUS statistics from 2006 to 2014 for 739 firms located in Romania (NACE code: 01 -Crop and animal production, hunting and related service activities). Romanian agriculture is an interesting case study per se, as Romania is ranked as the second country of the European Union (EU) with the highest contribution of agriculture to the output, according to Eurostat data from 2014 (Fig. 1a) . The same database shows that Romania is ranked as the eighth country of the EU in terms of agriculture output (Fig. 1b) . Further, no specialized bank addresses the need of the agriculture sector in Romania, fact that makes the agriculture firms' investment largely dependent on internal funds (i.e. free cash flow). Finally, we investigate not only the level of investment, but also its dynamics in relation with the cash flow. This way, we are able to underline two different aspects of the investment -cash flow relationship. On the one hand, when the level of investment is considered, we see how the cash flow influences firms assets' structure. In the case of financially constrained firms, there is a preference for more liquid capital, as current assets (Pérez-Orive, 2016) . Therefore, the impact of cash flow on investment (measured in our research in terms of fixed assets) might be negative. However, if firms are not financially constrained, a long run strategy might be adopted, equivalent with investment in fixed assets. At the same time, if firms prefer external financing sources, they may obtain loans if the probability to have positive cash flows during the next periods is high. Consequently, it is expected that investment have a positive influence on cash flow. On the other hand, when the investment' dynamics is considered, we are able to see how an increase in the cash flow level contributes to the growth rate of fixed assets. A positive influence is associated with the existence of free cash flow, while a negative impact shows a cyclical behavior of the investment decision.
The rest of the paper presents the literature on investment -cash flow nexus (Section 2), the data and methodology (Section 3), and the empirical results (Section 4). The last section concludes.
Investment and cash flow: review of the literature
The investment -cash flow relationship is controversial because it can be analyzed from two different points of view, characterizing two concurrent theories. The "Modigliani-Miller's theorem" (Modigliani and Miller, 1958) , shows that firm's capital structure has no relevance for its value. At the time, the "free cash flow" theory (Jensen, 1986) shows that cash flow in excess will lead to an increase in investment spending. Therefore, the impact of cash flow on investment may be either positive or negative. As Schiantarelli (1995) states, the investment -cash flow nexus is not only influenced by the asymmetry of information between lenders and borrows, but also by the nonvalue-maximizing behavior of firm's management.
Nevertheless, the investment -cash flow relationship is better explained by the financial frictions theory. The pioneering paper by Fazzari et al. (1988) shows that cash flow tends to have a powerful influence on investment in the case of financial constrained firms given the capital market imperfections and information asymmetry.
Over the past decades, a series of empirical papers extended the conventional investment models, to underline the role of financial constraints in influencing the investment (for a review of the literature, see Hubbard, 1998) . In this line, Bond and Meghir (1994) investigate how investment responds to internal funds, and perform an empirical analysis for 626 manufacturing firms from the United Kingdom (UK), over the period [1974] [1975] [1976] [1977] [1978] [1979] [1980] [1981] [1982] [1983] [1984] [1985] [1986] . They discover that cash flow has a significant impact on investment, although the sign of its coefficient is not the expected one. With a focus on a similar set of UK firms over the period 1983 to 2000, Carpenter and Guariglia (2008) show that in the moment when the Tobin's Q is included in the investment regression, the explanatory power of cash flow remains unchanged for small firms, but falls for large companies. Therefore, the authors conclude that the significance of cash flow is related to its capacity to capture the effect of credit frictions. Melander et al. (2017) reach a similar conclusion. In their panel analysis for the period 1989-2005, the researchers use firm-level data and a reduced-form VAR methodology and show that cash flow has a positive impact on investment for all companies, but this effect is enhanced for financially constrained firms. For a set of UK listed firms, Pawlina and Renneboog (2005) advance a different conclusion and notice that investment is influenced by cash flow, and the agency costs and the level of free cash flow determine this effect.
Starting from the early empirical findings reporting controversial results on investment -cash flow relationship, a new strand of literature emerged and analyses the sensitivity of this relationship to different elements, in particular financial constraints. For example, Aidogan (2003) investigates the sensitivity of firm's investment to its own cash flow, in the presence of financial frictions. The author states that the sensitivity of investment to cash flow is lower for higher dividend payout ratios, while it increases for growing firms. To explain the investment -cash flow sensitivity to financial constraints, Kim (2014) uses a traditional fixed effects model and a principal component analysis to measure the financial constraints. The author shows that investment -cash flow sensitivity puzzle is explained on the one hand by the substitutability between cash holdings and free cash flow, and on the other hand by the level of net external financing. Mulier et al. (2016) also develop an index of financial constraints for unquoted European SMEs, and show that the highest investment -cash flow sensitivities characterize financially constrained firms.
Alternatively, the sensitivity is explained by the firm's reliance on internal resources (Musloo and Parhoon, 2017) . However, when the sensitivity of investment to cash flow increases, firms become more and more financially constrained (López-Gracia and Sogorb-Mira, 2014), showing the existence of a virtual cycle between the sensitivity of investment to cash flow, and the level of financial constraints. To explain the complexity of this relationship, D'Espallier et al. (2011) take into account the investment dynamics, and consider non-linear effects.
Nevertheless, the financial constraint is not the only element explaining the sensitivity of investment to cash flow. Flor and Hirth (2013) show that the investment -cash flow sensitivity can be negative and it is determined by the liquidity of firm's assets. In a different approach, D'Espallier and Guarigli (2015) Morck et al. (1988) , they show that the relationship between investment, cash flow and insider ownership is S-shaped.
The above-mentioned sensitivity is further investigated from the point of view of behavioral finance, and from the perspective of monetary policy transmission channels. Malmendie and Tate (2005) provide a behavioral explanation for sub-optimal firm's investment decision. With a focus on 477 firms from Forbes 500 lists, for the period 1980 to 1994, the authors show how the personal characteristics of chief executive officers (i.e. their overconfidence) influence the sensitivity of investment to cash flow. Exploring the interest rate channel and the broad credit channel for an extended set of firms located in the largest countries of the euro area (Germany, France, Italy and Spain) from 1985 to 1999, Chatelain et al. (2003) find that investment is sensitive to user cost changes, and therefore to cash flow movements. At macro level, Christiano et al. (2011) also report that financial frictions determine the monetary policy to have an increased effect on investment in the case of the Swedish economy.
Finally, the controversial relationship between investment and cash flow conducted to a "ping pong" scientific game between Kaplan and Zingales on the one hand, and Fazzari, Hubbard and Petersen on the other hand. First, Kaplan and Zingales (1997) use a subset of firms and the same regression as Fazzari et al. (1988) and criticizes the usefulness of investment -cash flow sensitivities for identifying financial constraints. In their subsequent study, Fazzari et al. (2000) state that the Kaplan and Zingales's (1997) theoretical model does not provide an effective critique because it fails to capture the common approach employed in the literature on investment -cash flow nexus. Kaplan and Zingales (2000) in their turn comment on the practice of splitting the firms' sample according to a measure of financing constraints. They show that such practice can be used if, and only if, investment -cash flow sensitivities increase monotonically in the degree of financing constraints.
We notice that previous studies underline a series of elements that influence the investment -cash flow relationship. However, none of the previous works focuses on the bidirectional Granger causality between the level and the dynamics of investment on the one hand, and the cash flow level on the other hand. Further, as far as we know, no previous paper assesses how shocks in one element are transmitted to the other.
Data and methodology

Data
Our data are extracted from the AMADEUS database and include firms implicated in agriculture production and related services (code 01) from Romania, for the period 2006 to 2014 (data were extracted in December 2016). From 1968 firms unregistered in Romania under this code, 739 are retained into analysis. We have excluded from our sample firms for which data are unavailable for a specific year to avoid the broken panel problem. This means that firms which have interrupted their activity, as well as new entries and firms that have made default during the analyzed period, are excluded from the sample. Consequently, our empirical results do not characterize the entire agriculture set of firms from Romania, but only those firms that have a continuity in their activity. The sample choice that we have made is justified by empirical reasons on the one hand, and by the fact that investment -cash flow nexus can be assessed if a sufficient amount of time elapses, in order for the investment to generate cash flows.
Methodology
To assess the bidirectional relationship between investment and cash flow, we use an unrestricted pVAR model. While a simple VAR model is characterized by a set of endogenous variables , with , a general VAR(p)-process is defined as:
(1) where:
are ( ) coefficient matrices with ; is a white noise -dimensional process with .
In the case of a pVAR, represents for each firm ( ) a vector of endogenous variables at time ( ), and thus . Consequently, a VAR for each firm from our sample can be written as: (2) where:
are ( ) matrices for each lag ; are uncorrelated and normally distributed errors );
is the covariance matrix between the errors in the vector of firm and firm .
Compared with a cross-sectional analysis, the pVAR adresses all static and dynamic dependencies between firms (Albulescu and Miclea, 2016) . Further, the pVAR allows to see the causality between variables, and also the response of one variable to shocks in the other variable. Nevertheless, a noteworthy drawback for an unrestricted pVAR with lags is that we must estimate autoregressive coefficients, operation which becomes problematic if the number of firms is large. However, this is not an issue for our sample.
Empirical findings
Panel unit root investigations
A primary condition for using a pVAR is the stationary of our series. The panel unit root tests show that the level of investment measured as the fixed to total assets ratio (FTA), the investment dynamics measured as the growth rate of fixed assets (FAD), as well as the cash flow to operating revenues ratio (CF) are stationary (Table 1) . 
The relationship between the level of investment and cash flow
In this section, we focus on the level of investment (FTA) and we start the pVAR analysis by selecting the lag order (Table 2) . We see that three out of five criteria indicate seven lags to be used in our pVAR estimation, while the other two criteria recommend three and four lags, respectively. Consequently, we perform the estimation with seven lags. Table 3 presents the results of the pVAR analysis and shows that the level of investment (FTA) has a positive influence on the cash flow (CF) of the next period, but does not generate a series of cash flows. At the same time, the first lag of CF positively influences the level of investment, while the second lag has a negative impact. Therefore, the cash flow enhances the level of investment for the next period only, while for the second period it has a negative influence. This result partially sustains the affirmation of Bond and Meghir (1994) stating that cash flow has a wrong sign in the investment regression. At the same time, these findings explain the results reported by Morck et al. (1988) , who show that investment -cash flow relationship is S-shaped. In the next step, we perform a Granger causality analysis, which shows the existence of a bidirectional causality between the selected elements (Table 4) . However, CF Granger causes FTA with a degree of confidence of 90% only. Because these findings are not very conclusive for the investment -cash flow nexus, we further test how shocks in one variable are transmitted to the other variable, using impulse response functions (Figure 2) . First, we see that the response of CF to FTA is non-significantly different from zero, as the upper confidence band is over zero, while the lower limit is below zero (red dash lines). Second, it appears that a shock in CF has a positive impact on FTA one period ahead, and a negative impact two periods ahead, result in line with that reported by the pVAR analysis. Response of CF to CF
Response to Cholesky One S.D. Innovations ± 2 S.E.
Fig. 2. Impulse response functions (FTA -CF)
Overall, we report a bidirectional causality and influence in the short run between investment level and cash flow. However, it appears that the influence of cash flow on investment is not linear. In this context, the analysis of the relationship between the investment dynamics and the cash flow level might provide additional insights to our empirical investigation.
The relationship between investment dynamics and cash flow
As in the previous case, we start with the lag order selection. We notice that for investment dynamics -cash flow relationship, three out of five criteria indicate six lags for the pVAR (Table 5 ). Table 6 reports results that are even more inconclusive. Nevertheless, similar to the previous case, the cash flow positively influences the investment dynamics for the next period. That is, the first lag of cash flow level positively influences the investment dynamics (FAD). In addition, we notice that an increase in the cash flow level generates subsequent increases. Different from the previous set of results, the Granger causality is not significant when the investment dynamics is used in the analysis (Table 7) . 
Conclusions
We empirically investigate the investment -cash flow relationship for a set of 739 Romanian firms acting in the agriculture industry. For this purpose, we use a pVAR analysis for the period 2006 to 2014, and we conclude, in line with several previous studies, that the investment -cash flow nexus is controversial. More precisely, when the level of investment is considered, we obtain a bidirectional causal relationship between investment and cash flow. Our pVAR shows that only the first lag of each variable positively influence the level of the other variable. The impulse response functions show that a shock in CF level is positively transmitted to FTA one period ahead, and has negative impact two periods ahead, pointing in the favor of a non-linear relationship. However, when the investment dynamics is used in our pVAR, we report no significant Granger causality and nonsignificant response to shocks between variables.
From the perspective of financial management of agriculture companies, our results underline the importance of cash flow in sustaining investment in the short run. However, the cash flow (and the associated free cash flow) does not represents a reliable source of investment for multiple periods. Curiously, the investment has a positive impact on cash flow in the next period, but not a significant impact during the subsequent periods.
Our paper has, however, several limitations. On the one hand, the nexus between the investment and cash flow is assessed in a linear specification, while this relationship might be non-linear and characterized by structural breaks, as for example the outburst of the food crisis in 2008. On the other hand, our pVAR estimation does not represent a classic VAR regression. Instead, it represents an ordinary least square (OLS) estimation on stacked data, which has the advantage that lags do not go across cross-sections. This paper might be extended in the following ways. First, to better characterize the investment behavior of agriculture firms from Romania, we may extend our sample, considering both new entries and firms that stopped their activity over the analyzed time horizon. Second, to cope with the financial friction theory of investment, both the Tobin's Q and the firms' debt ratio should be included in the analysis. Nevertheless, the computation of Q Tobin implies the existence of information about stock price and book value per share, information available for listed firms only. Unfortunately, only few firms from our sample are listed on stock exchange. Response of CF to CF Response to Cholesky One S.D. Innovations ± 2 S.E.
Fig. 3. Impulse response functions (FAD -CF)
